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Abstract

In this work a multi-layered nanostructured TiAIN/CrN superlattice coatings was synthesized using closed-
field unbalanced magnetron sputtering method and the relationships between their superlattice period (1), micro-
structure, hardness and elastic modulus were investigated. In addition, wear test at 500°C and oxidation resis-
tance test at 900°C were performed to investigate high temperature properties of these thin films. The coatings
were characterized in terms of microstructure and mechanical properties by transmission electron microscopy
(TEM) and nano-indentation test. Results from TEM analysis showed that superlattice periods was inversely
proportional to the jig rotation speed. The maximum hardness and elastic modulus of 37 GPa and 375 GPa
were observed at superalttice period of 6.1 nm and 4.4 nm, respectively. An higher value of microhardness
from TiAIN/CrN thin films than either TiAIN (30 GPa) or CrN (26 GPa) was noted while the elastic modulus
was approximately an average of TiAIN and CrN films. These enhancement effects in superlattice films could
be attributed to the resistance to dislocation glide across interface between the CrN and TiAIN layers. Much
improved plastic deformation resistance (H/E?) of 0.36 from TiAIN/CtN coatings was observed, compared
with 0.15 and 0.16 from TiAIN and CrN, respectively. Also the wear resistance at 500°C was largely increased
than those of single TiAIN and CrN coatings and TiAIN/CrN coatings showed much reduced weight gain

after exposure at 900°C for 20 hours.
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Table 1 Processing conditions for TIAIN/CrN thin film
coating

Unbalanced magnetron
sputtering method

100¢, 10t, Cr (purity : 99.99%)
Target & TiAl alloy (Ti:Al= 50:50
at.%, purity : 99.9%)

AISI HI13 steel, Si(111) wafer
1 x 107 Torr
3.6x 107 Torr (Ar + Ny)

Deposition type

Substrate

Base pressure

Working pressure

Deposition temperature R. T.
Target-to-Substrate distance | 60 mm _
TiAl target power DC 3.0 kW
Cr target power DC 0.8 kW
Substrate bias voltage -100 V
Substrate rotation speed 2~8 RPM
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Fig. 1. Schematics of high temperature wear tester.
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Fig. 2. The cross-sectional TEM images of TIAIN/CrN
superlattice coatings with various substrate jig
rotation speed: (a) 2 rpm, (b) 4 rpm, {(c) 8 rpm.

Table 2 Superlattice periods as a function of jig rotational
speed for multi-layered TIAIN/CrN thin film

Rotation speed
(RPM) 2 3 4 5 6 8

Superlattice period B3511121 851611421 25

(nm)
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Fig. 3. Results from nano-indentation test as a function
of jig rotation speed for TIAIN/CrN thin films.
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Fig. 4. Weight gains of specimens after 900°C oxidation
test.

Table 3 Plastic deformation resistance (H*/E?) of coatings as a function of substrate rotation speed

TIAIN CiN TIAIN/CrN | TIAIN/CIN | TIAIN/CiN | TiAIN/CeN | TIAIN/CeN | TiAIN/CrN
2 rpm 3 rpm 4 rpm 5 rpm 6 rpm 8 ipm
ZZ37) (nm) - - 135 112 8.5 6.1 42 2.5
H (GPa) 30 26 32 33 34 37 35 33
E (GPa) 410 326 350 360 365 375 384 372
HY/E? (GPa) 0.15 0.16 0.26 027 0.29 0.36 0.29 0.26
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Fig. 5. Friction coefficient of various coatings during
wear test.
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